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(57) Abstract: A novel acetic acid bacterium-origin gene participating in acetic acid-tolerance; a method of improving the acetic 
acid-tolerance of a microorganism, in particular, an acetic acid bacterium, using this gene; and a process of efficiently producing a 
vinegar having an elevated acetic acid concentration with the use of the acetic acid bacterium having the thus improved acetic acid 
tolerance. From a chromosomal DNA library of an acetic acid bacterium, a gene enabling the growth of the acetic acid bacterium in 
a medium containing acetic acid at such a high concentration as not allowing the growth in usual is obtained. By using this method, 
a novel gene participating in acetic acid-tolerance is cloned from an acetic acid bacterium for practical use belonging to the genus 
Gluconacetobacter. A transformant constructed by transferring this gene into an acetic acid bacterium has a remarkably improved 
acetic acid-tolerance. When this transformant is cultured under aeration in the presence of ethanol, the growth induction period is 
shortened and the growth speed and the acid-forming speed are elevated. Moreover, the final carryover acetic acid level thereof can 
be remarkably elevated thereby. 
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(Acetobacter) JSlZ^^JU^ >T^z Y^Z#—M (Gluconacetobacter) 

mmm, Rwznib<Dm&®*m^xnm&(DWM&^m?z&B*wm& < m 
@tu«cv>c ?tet>io&mM&<Dm^Bmm*mmTzztti'&i!be>tix& 
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fcOTf&Sfflfctjtfc^fcU^ — £Bfi£-r3 3oOJtfe^ (aarA, 

aar B^ aarC) ^D-r>^ntl^; ^WtfAlttl #JR0 o 

£<DF*k a a r AS^fli^x ^^$3- ft tljtfef tj& fj , X> 

n&#x a a r B^fe^£^T&M#^W-e&ofc (0»J;t«s *»»xita 

?D — = >^b, 7*-fe f>/^^— • T-fe5=- • +)-^^^^— X • If-f Ui^-A I FO 
3 2 8 8 (Acetobacter aceti subsp. xylinum IF03288) 4$£J&K4Etft btff £ 

p-->^^HfeM>^^-iy^;i'7 ; t (ald 

4*18^3 - 2 1 9 8 7 8-i§£# 

*?H9¥2 - 2 3 6 4^&m 

fSP!B§6 0 - 9 4 8 9-*f&$l 

ft BENS 6 0- 9 4 8 
#1W!F£lK 1 

r^^-T-J)/ • *y • A^rUtD^- (Journal of Bacteriology) j, 17 
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2#, 2096-2104, 1990 

imiftxm 2 

V (Journal of Fermentation and Bioengineering) , 7 6#, 2 7 0-2 7 5H, 
1 9 9 3 ^j 

tfWffcfcltt 3 

£ p/W ;frPi? — (Microbiology) , 1 4 3t, 1235-1242, 1 

9 9 7#j 

^t'FiJcifc 4 

r77*7^ F P^< h 'T> K "V-T 9 d;W'*dJ>- (Applied 

of Environment and Microbiology) 5 5#, 171-176, 1989 ^pj 

#ttHF*« 5 

r^^U * • T> h* • >>W ^"D • <5r ^ * I- U — (Agricultural 

and Biological Chemistry) , 5 2t, p. 3125-3129, 1988 

ftWWXtt 6 

r7^'JA;i/fa7;i'-?/'F • ;\"-f # P • ^ h U— (Agricultural 

and Biological Chemistry) , 4 9i, p. 209 1-2097, 1985 

( Bioscience, Biotechnology and Biochemistry) , 5 8^, p. 974 — 975, 
1 9 9 4^j 

Pi* — (Canadian Journal of Biochemistry and Physiology) , 3 7i, 9 11 
-9 1 7, 1 9 5 9^j 

fctttt*** 9 

r>^^_^-;u • • n-f ;TP i^^7;i/ • 4r 5 * h U — (Journal of Biological 
Chemistry) , 2 2 6i, 497-509, 1957 
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Xffi 1 0 

rj? • ^-7- • ;W ^ P Viifr • ^ * * h y - (Journal of Biological 

Chemistry) , 2 7 2 M, 9809-9817, 1 9 9 7 *£j 
m&frXffi 1 1 

Y*j *?—)-)\, . ^-^ . ^ ^ * ^ h i; —(Journal of Biochemistry), 9 8f, 
327-331, 1985 

b «k ? t t § mm 

^UT*^BJ#^>(i, ^Bfr^ltfU feigns f^Mfc^ffll^^TIqJi 

<DBMM&%fa±$-e2>xm, $ t>teBMwt&&fa±i'tzBmmzm^T^ 
MBmmm<Dikm^mM.<^m-r?,^m^^ir^^t^mm^mMm}iLx 

dh#-e£s £ act* ^&<vBM%^tz'&&mzz.t&x*gt£fr^tz%iM 
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ua»u cKDcta^^^tt^^w^tc^K^e^^Bm-ri nigra 

fl^^fe^ilt?ife?li,DDBJ/EMBL/Genb ank^O^ 

7*$ smmmuumswi s s-prot/p i R-e^iifegs* 

5*k 7^7l/>-*^yt^ — ft S'E*— 7 (DXDDTA) 
M&^©flfe©^£^T?BHi£ftTVASgfc£n©;*^:r b >-*^>^-f 

- & ^ J: & s a £ & <w x v > s $ © co & & ® ( z ft m #j & if #i * > ; s ( w t n 

# W^HSHC insert fcafc 3) Sn-KrSff^ate^Tfti&C^Siaa 
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h7t l«n^i//^f *)**/*><Dmi&ikti s Miz-$-%>z. kfrb^ UMfc^&B^. 

o 

rr - K IT S itfe^ D N A (DM SI3^J U frftW £ Sfcio 



mi 

BamHI &m^Xt> P— tifctnizi >7*-te |>;^ * —J 

S^OlISm (PBI) OMPS#*itilEIi:SHC?tfe^©<4®, StfpSH 
C-xCD#A®Ttf-©$fcB§l21o 
EI2 

H13 

s h c itfe^ffl n ^-^igiis l fe^ste^os^^b £&m&mmM%m 

to 

El 6 

7*7^ 1 4^tc 
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mi 

77^ v— 2 §^to 



( 1) TIB© (A) „ Xtt (B) K:^t^>;^iSHC, 

»a> ma, xtemtiLtt^tsT % smmvifrbte*) . *» 
Os WMWtts«i3a'rs»i6««t-«^>-'^ fl- 
ea) TSB© (A) \ Xtt (B) t^W^RSHC*3-r-l»t*«fe?0 
D NA« 

(a) iB^j^©ia?y#^-2{3fB^cDT5. sMmn%%i-2># wi*r 0 
T^^ofis MX, ma. xt*»£tt**trT^ ysftKBJfr&fctK * 

(3) TIB© (a) s Xfci (b) C^TBNAffe^JiiB (2) fcfiB*©*^ 
ODNAo 

(a) !B9!I*©BB9!I«lt:iattO«a6iil9y©5^N «W4 0 6-2 4 3 

(b) IBai*©KaJ#-5 1 KfBiB©&»U?!J£>-5 t>N 4 0 6 ~ 2 4 3 

— Kf SDN Ac 

(4) ±10 (2) x xat o) ^m^-DNA^m^ou^-m^mm^ntc 

5i £ &TO£-ri>±I3 (4) tl©«0«^«Jo 



7 



WO 03/078622 



PCT/JP03/02731 



(6) ±i3 (4) N xj± (5) fcgBttcflR^&o-ST&s T)m— )[ymfcm&m-? 

^(10-16%) gr^fe*!*. 

(7) 4>&< t*>±m (2) , Xtt (3) fcl3*ODNA*^^j8fttftjtr7^ 
U'pUSHC (FERM BP-7 9 3 3) , 

(8) >p-&< £%mm&<Dmmw^i^7FTm&m?ii%m*?zi>NAmfr%-gA; 

^*-) pMV2 4(CdcDDNA»ri4-*»XL-C^57-^X ^ h* p 

S H C\ :077Xn*pSHC§7tFn^--7i;f 
( Acetobacter aceti) No. 1023 (FERM BP-2287) {w#A UT 

( 1 ) *#6mi<DDNA 

*|gBJ<DDNA^ ^;t/3>7-fe (Gluconacetobacter 
entanu)"©«;e#:DNA*»e,*OJ:5fc UT3lf*-rS£li:***Tf*5. * ?\ ^ 

;i/rj>^-fe Na**^ — . jo^-Tn #ij>tfc£7'-fe h;^^-- 

X MH - 2 4 (Acetobacter altoacetigenes MH-24) i (FERM BP-49 
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1) 0MftDNA7^77iJ-4«T5o &:fe s £fe£ttDNAfc*. 

*SJEv^WO«!j|B»*5!i»ffifflt?*%« 0H*.«s S a u 3 A I SIS 3 0 °C 
B amH I £JBt^fc<> 

DNAfc«*§bx ttiDNA^tS. IWM&fcfcfc. 3S-fe#DNA©1j0»rfc: 
ffl^fcf&IIRBNKB amH I fc«««7**<««[*BB?U*^ D$**«IIS#*, mX 
KBamHI &fi&3 0 °C, 1-10 0a_v h/m 1 cDjfef^TlN 1 

tmv&sizxsxmztfe&tt-DNAffiftm&wtwmmmzfttc'*?* 

-DNA£rI-£-U CftfCT 4 DNA U fc? *S&4 ~ 1 6 °C N 1 ~ 

w^nfessam^DNASfflvNtx iim(±«^«fe±-e i%$.x<Dwmmmxh 
frmm-?zzL}i<Dx*%i3:^B®m, mn&T-t 1 023^ 

(Acetobacter aceti No.1023) ft (FERM BP-2287) t, 

t? d N AifM-s^ 5 c: £ #t? ^ S o 

DNAW^nS^ -?-©l*k ISff4 0 6-2 4 3 6 6 & -5m»IB?!Ifc]: 
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JSS^-f 4 0 6 ~ 2 4 3 6 Kftfo) i±s DDBJ/EMBL/GenbankS 

ifswiss-prot/p iEWC^ny-fttHSbfekcSs r^s 

fflkMMls ^fl/H 7 7 -f U s J>±t> h. • — A A (Bradyrizobium japonicum) 

© S H C Stfe^ 154. 2%s V^lf^A • ^ tT^ — X (Rizobium sp) © S H 

citfE^h*)5 3. 5 % ©ffl nif 1 5 c i: o ^-rn*5o%# 
^©Tfe^ct^Bjatffecfeo ±iB©sHcifem Bmn&tmfa 

arA, aarBx a a r C ) ^IHRWttfcttaft-r A D 

. ij7^j/3> (PCR.KJ&) ^fcS:^S@35IJt«^v>T-& 

AX*± (Applied Biosystems) M©^ — VJl/tf-f * v — Gene Amp PCR System 
2400 S (S«mttO ^KOD-Plus- 

^•^ns^>^^®©^w^4&^i?i•r5mfi6^) s »^t'n^^^l^f3^ ixi± 
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<5 o 

^Sia5>J##4 0 6-2 4 3 6£>£>&S^SI3?!J£^'r£>DNAi;^ h 'J >Vx. 

&w*«s *HM**«V>DNAEI±s ^J^.«7 0%m±O^|qH4^^^-SDNA 
|h]±#/W ^U^XU «^ < J;t)ffilMH4* f ®V>DNA|^±^AW^';^Xb 

! 

C-eO. 1 %SD S£*g^TS31?lJgT* 6 0\5Tifc^jFfTfcft3*ttfc£tf^fcr 

(2) Kftwammm 

T-b h>^£* — JgjjfflBfc UT : Rttl$K:«>7'-te — -Z-fe^Acetobacter 
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aceti) &m?<otl, 7* h n£ 9 — • 7 -k * N o . 1023 ( Acetobacter aceti 
No.1023) m (Wffift^K-fe^^-PFERM BP- 2 2 8 7 fcbT*K) 

£fcs >^-b M***— JRffllBfc btli, >T-te h/^ * — • x. 

-f (Gluconacetobacter entanii) ^^tf?,tls Sa£#B<F£$JWf6-fc > * 
-CFERM BP-49 1 k bt ^§fc£ V^S T-fe • 7)1 V 7-b 

f^^^MH- 2 4 (Acetobacter altoacetigenes MH-24) Jlfc]&»0S 5***1 So 

ms-&*mm(D77>x =• fpbr 3 2 2©:p>ir>> u vwttjte^ r^x ^ h- 

pACYCl 7 70*tv^f ^VBttite^s 7*^^^ PpACYC184<£>* 
u=y ix-7 =&=. p-;ntt$}H2^ h VMfc^teW&Mfc^-cD 

TWaK-^^-tOTH;, pMV24 (WiK, ^MSf**!^ 4 #83) * 
pTA 5 0 0 1 (A) N PTA5 0 0 1 (B) W*.& s «f« : *ltt4#fia) * iT 

5 #83) fe^lf £>ft£o £2^ h7>7?t?y>tbT^ Mu^IS 1 4 5 2ft 
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( 3 ) &smM*£ 

Xfiiz\,K i^mum±m^3 0°CT-frft3 o ti©pHH:If2. 5~7©i5B 
T-&D> 2. 7-6. SCDlSHWSib^ #«BU <§MS. iW^^i^ 
TMiTS^fc-e^o Ml-2 1 BSC^ttaotv t&Jft^Kiiii^© 

(4) *$6W©f*lMB& 

^II^?^-PUC 1 9 fc'jf AUfi!^!^^^ 5 ^ * FpUS HCit S 
< « lTlltil 6 cD&&fTl&&A glKM^SF 

^m^ff^m^n^y^-^TERM BP - 7 9 3 3 tlt^l 4^ (20 



13 



WO 03/078622 



PCT/JP03/02731 



0230 3/3 lHC^aE^n-C^S©^ *»Wt««.lfe?ODNAttC 

^£Jfct)mbT$iift^*-fc:f¥Ab, c:*i&fii^SK:#AU ciiiSit 
SCIfev ±S3 bfc«fc a Kl^bT^fe^IB-TS^ifil^J^^^BJ -5 fcU 

(1) *MDNA7-f ^ U — Of^« 
i/)]/ Z2 >T-te h K & & — • $ — "f ( Gluconacetobacter entanii) 01^ 
■Cft57*l«;^^-* 7^h7-6 h^*7MH-2 4 ( Acetobacter 
altoacetigenes MH-24) t (FERM BP-49 1) 46 %f?WL> 4 

y-;v$ttifeYPG^i (3%^;vn-^ % o. b%mmi^^s o. 2% 

(7, 500xg N 10 U »#:£*§fco W&ftfcKtt* Ds #ffF*i$3 fc 

±83© £-3 bTf#^>ti.fe^#:DN ASV^iP®-^®®^^ h )]/*< & — 
p M V 2 4 4> fcl|Bf**B amH I (SIMS) «lfe 0 iH^fflDNA 
SjiSf'orE-^U 7^-'>3>^>n (TaKaRa DNA Ligation Kit Ver.2 , 
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(2) BsS6Wtt»e^o^D-=>^ 

— • T-fef-N o. 1 0 2 SfMcj&'JNBMU 2 %gt^ lOOjug 
/mlC^VKf'J >S^tfYPG^ig*fcts 3 O"C?4 01*ilfc, 
4Ufc3Pr-S: 1 0 0/ig/ml©7>K^ D >£tf YP'G%ttfcS»bT 

FtpB 1 h#£bfc» * 2 X»ttft**t * YP Q#X**1!7* r><* 
. T-tz5f-N o . 1 0 2 3^t4f«Hi-tSDNAi)t^ PBll^P" 
>fc£;ftfc*&5kbp0B amH I«rJ**©ll&2. 7kbp©BamHI-Ps 

t I m K "C S ^ 2: t* * fc - 

(3) ^P->ft$nfcDNABrfrOJS^i25!lO^ 

±I3<D? P-Wb^tifcB amHI-Pst Ilfjt47;iI^^^-pUC 1 
9©BamHI-Pst I ALfe«li^/7 7 3. KpUSHC (FER 

M BP-7933) 5#lbfeo ^(07? 7, K Fftffl1^T„ *D— ><fb3ftfe 
BamH I -P s t I ®Ttf-©iISiB?!]£s t>^-07*-f t 5 **^ • ^^-> ■ 

»?!I#9iaB«©ttl*K?!l4»fctt, H«^4 0 6*6I3E#f 2 4 3 6 
[t^ ffi^J«2fcaBttbfc<fc"5fe6 7 7{@©:p^$? (04 N HI 5 ) fcn-F 
t§t-7> ij — ir-f >£f • 7 V — A (ORF) cD#£«IS£fris ^^Tb> 
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#-^4 i 5 i>t>7$ y^m^4 2 0fc7>ttT^£i-s*«ig:2ft> z.<dm&* 

(fli«J2) WS^*- • x>*-^ fi^CDl^^Wtt^fe^^B 

( 1 ) h^# — • 7±^^<DBKUi& 

^;i/33>-T-feh/'^^ 7 ^ — — ( Gluconacetobacter entanii) CD 1 ^ 

t*25 S 7-l2 h ^ - • 7;H>7* h!f^^MH - 2 4 ( Acetobacter 

altoacetigenes MH-24) ft (FERM BP-491) SJfcOBIWimjtte?* 
$tfDN A©rtt£P CRftt <t D if1S U ^(Dffimm t>titemM&ih ! r%B amH 
I - E c oRITTOU Z<DMfr%&Mn-*Mmi'* hM^^-pMV2 
4 (09*. tt^ lEWffF^fU^JB) ommmmB amH I -E c oR iwrnum^ 
»A^7-7^^ FpSHCIftibfe. p SH Cfc#A3*l,fciii*l»TJt-<0«l& 
£121 1 fc^ L-feo 

y y AD N A^rfflV^ 7^ UT 75 -f 1 (*©Jfi3IE5U4B5>I#-9' 

3 (El 6) CC^T) M77^f7-2 (Je.©*ftMi7!I*Efll#-&4 (EI 7) 
T) fcJBl^N TIBf^P CR^tttTN PCR^t^lbfco 

PCRm 9 4°C 15#> 6 0°C 3 0#, 6 8*C 2#£liM*;i/ 

b\sTs 3 oim #;M?fcofco 

0 0 ;Ug/mlc£>:P>t^> U >St>*2 %©iM£^flnb£YP gsS55*&«j-c»& 
3 ^SStiSbfeo 
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( 2 ) MMU&mcDWpMW& 

±13® J; -5 £ l/TH?>nfe77^ 5 FpS HC*tt57>e^ U >Htt£©Jg 

jfteMcfcov^Ts ft^£$»ufcY.p G^ife-zjcD^w^; ^h;i^^*-p 

MV 2 4<D#-£#Abfc7ctfc7'-fe ^^^-.?tfNo. 1 0 2 3*fc£J*|£b 

CIO Oml0YPO»*fi:T, 3 0 "CClSt -3 «H* (15 0 r pm) fcfir>kv^ 
®S<ESl**fc7casOftK»iP^illm©^W* 6 6 0 nmfc*W5|R3teA*«^"r 

-;b3%m*nYPG^ife-ettS^|H^(Z)iim*^Ufc©^MbTs 3 Kftat& 

M^^--7t?No. 1 0 2 3**T?»i§?ilT*;*&#>ofcc: iiifmm^^s S 
HCaifidF©»KiattflSgiiaiflBy86BT?*feo 
( 3 ) &KC»ltti<DUEirt£ 

hubB ( i ) nftbtnty^x k fpsh c*#t-5T> t^> u >iioti£cDBSfj|g. 

pMV2 4 ©«^*#Abfc7c^T-fe h/^^--7-kfNo. 102 3 tfc i: £t«t 

bfco 

JMfc&fcfcfc. 2 LOUyt- (^ftfflKftBfJK : TBR— 2— 1) £^T> 
»K1%n S -)V4%, ?>t:>>U>l OO^g/ml^trlLOYPG 
i&ifetc-Cs 3 0°C, 4 0 0 rpm> 0. 2 0 vv m<DM%mWt&m&ftl3i\^ ffi 

mmg. 3 mmz&tzo *<d'&, 2 0 omi©J8ab$fc£$=s>*— 

il/T^it^^DiBU «ffcfcifKN T>t^><; > l 0 0//g/ 

ml'S$tf5YPG«JtS8 0 OmlttU IPR 1 ; 4 

mizmmvxs JSifisa 3 3 o c£±tfr?i^i££ii#ib£o 
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^cD^m^ B3 £^fJ;5£ N ^ft4Etft«-ett4 0. a CCe!>ttMni % M^ttm 

(^h^J3) hn**- • ^>^^-f a^os ncmteTx-mwm 

( i ) mmmmmm. 

^CloV^ h;U^^^ — pMV 2 4 -5 TstfcT-fc Yrt#&— • 7» 

•bfNo. 1 0 2 3tfcfcBm%Slfg£J±f£Ufco 

HfrWfcttN 5LO^-^^- ( = '>7l^litS! ; KM J- 5 A) 
V^Tx fit*R 1 y — ;i/4 %> T> fcT^ ij > 1 0 0 /ig/ml £^*f 2 . 5 

LCYPG^CTs 3 0°C N 4 0 0 rpm, 0. 2 0 vv m©ilMJt#^£ 

7>KJ"J>10 0 //g/ml *^tt 1 • 8 LOYPQ*it*«SJabTNff»3 % % 
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0 . 0 15 1 


0 . 10 3 


6 2. 5 
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0 . 0 4 8 7 
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(2) mfocomKmi&fttft 

Jl^Z *-pMV 2 4<Dfr*m-t2>7i1faT*. h;^^--r-fe^No. 10 2 3 

>0#it£ ( 7, 5 0 0xg s 1 Ofi-m) ITl^tffe, m*>ntzmfc* 5 OmM 
Tr i s-HClifS (pH8. 0) -e3|H$:#bfco :/5-f 

tt2ra§}$bfeo sj6«D«pe»7*;i/^iB <^it«x #war xsk 9 #jro -e 
(2 : 1, v/v) mmfcmmvxTjv* v&g.mR&mwiistzo 

* ti fe t > \/ >f Ji/H^-fbtJ * p - * U - x / s # 1/ - * - t? «ig% 13 $U 
^>-'fy7P;V-^ (10 0:1.5s v/v) £$gfl?$H*TH&$i# 
?D?b^57^-^*f (i»HMM ; SHIMADZU LC-6A) Cftlfe, £7 
A tt LiChrosplier 100 CN (Merck *±M ; 4x250) ftfflVK ^>-fV7P 
(10 0:1. 5s v/v) SSHiml/minT?jgffl$t, &m% 
*t± 2 3 0 nmtbfc, U±(Dfrffi lg£l£3t 2 £ 1 
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THBH/P i 




1.00 




1.28 



-Y ( Gluconacetobacter entanii) <D l^.H'&^T ^ Y )^^7 ^ — - 7fr h T -fe h 
y^7MH-2 4 (Acetobactex altoacetigenes MH-24) (FERM BP- 
4 9 1) fc:nl^ fn*l/-J/3 (0!I*.Kn ^WflFXtt 7#JR0 CioTi 
fillfe. T&Kte&tttt 1 0 0/ig/ml.tD?>ti/ 'J >;&^4%©f£Sg£: 
4%©^.^y— ;i/<£^APbfcO . 5 5 %O^^A/«Y P G^itS^l 

( 1 ) I£ig3&S#l£lfc 

tto^ts FM^^-pMV 2 4co^^^-r§7t^^-fe h't** — • T 

JMfcttfctiU 5L®5-^t- (H^"7a-fb#xHttM ; KM J- 5 A) £ffl 
V">Tn »K4%s i^;-;i/4% N TVtT^U > 1 0 0 //g/ml %$t? 2 . 5 
L©YP Gig*fe?CT> 30°C. 5 0 0 rpm, 0. 2 0 vvmfflM^i* 
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frfcVK W&tftA 6 .3 %£T*3§@#£-&fco ^ecD'&s 7 0 0 mloMi4^- 
;W ^>fi/U>l 0 0 jLLg/ml^tS 1 . 8 LCDYP Gt&*fc*»2)D UTx » 





tnaiii> 
(%) 


(0 D660/h r ) 


(%/hr) 




14.6 


0.501 


1.14 2 




16.0 


1 . 12 8 


1.17 9 
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4^(2002^) 3£ IB 
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m * cd © m 

1 TI3© (A) N Xtt (B) CWW^RSHC. 

(A) B5!ia©BJ!l*^ 2 tBi©r 5 ^HB?!l*«t >'^Ko 

2 TIB© (A) , XI* (B) tW^fSSHCSn-PtS^ 
©DNAo 

(A) Mw*a>am** 2 tt*<DT$;m*i**'*' 

(B) S»d*OiBW*^2CO«©T^>'*B2Wfc*^-CH l#b<tt*ffl© 

3 TIB© (a) > Xi* (b) Jc^-rDNA-CftSW^SafctB*©*^ 
ODNA, 

(a) B»«OB9lit 1 CB«Oi*»W«D 5 *^ m»#*4 0 6~2 4 3 
6 ft h ft 3 mSlB^J «^tf D N A o 

(b) EWa©KW*«l«=l3«0**K«l®^" fe - &3£#^4 0 6-2 4 3 
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7 0>ft<fc«tt**2, Xttt#a3CB«ODNAMA/«fi*tr7 
XU'pUSHC (FERM BP-7 9 3 3) , 
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BamHII EcoRV Sail PstI EcoRIstI PstI BamHI 




0 50 100. 150 200 250 300 

Time(h) 
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04 



MetMetAlaLysArgThrGluThrAlaThr ValThrArgProArgArgThrThrProSer 20 

ThrArgLysAlaAlaThrProLysAlaAla LeuAspAlaProLeuAspGlnAlaGluLeu 40 

AspGlnAlaValThrArgAlaHisAlaAla LeuGlyGlyArgGlnAlaAspAspGlyHis 60 

TrpValPheAspLeuGluAlaAspAlaThr IleProAlaGluTyrValLeuLeuGluHis 80 

TyrLeuAsnArglleAspProAspLeuGlu GlnArglleGlylleTyrLeuArgArglle 100 

GlnGlyAspHisGlyGlyTrpProLeuTyr GlnAspGlyThrPheAspLeuSerAlaSer 120 

ValLysAlaTyrPheAlaLeuLysAlalle GlyAspSerValHisAlaProHisMetVal 140 

ArgAlaArgHisAlalleLeuAspTyrGly GlyAlaGluArgThrAsnValPheThrArg 160 

IleGlnLeuAlaLeuPheGlyAspValPro TrpGluAlaAlaProValMetProValGlu 180 

IleMetLeuLeuProArgArgAlaLeuPhe SerValTrpAsnMetSerTyrTrpSerArg 200* 

ThrVallleAlaProLeuLeuValLeuAla AlaLeuArgProAlaAlaValAsnProArg 220 

ArgValHisValHisGluLeuPheValThr SerProGlyLysValArgAspTrpIleArg 240 

GlyProTyrArgSerValTr.pGlyHisVal PheArgTyrAlaAspAlaMetLeuArgPro 260 ' 

AlaGluArgLeuIleProGluLysThrArg ArgArgAlalleLysAlaAlaValAspPhe 280 

IleGluProArgLeuAsnGlyLeuAspGly LeuGlyAlalleTyrProAlaMetAlaAsn 300 

ThrVallietMe-tPheArgAlaLeuGlylle SerAspGluAspProArgAlaLysAlaAla 320" 
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M 5 

Ix pVjJLUAia V alAPgAPgLi6UJL©U VaXASIl ulnuiyijysvjxUi tlx 1 yx v^ysvjxni x Ol/ya 


o*x\J 


valuer rx o v ai irpAsp l nrvjiyLeuAia uiyinsAiaMexx xeuxuAxaAxaoeruxy 




rroAspijiy lxeAxarroixluvjriuinrLys u-inLysLeuAiaAxaAiavjiyAxg i rpL,eu 




ATguiuAxguJinxieLeuAsn v aiArgbiy AspirpAia vaiAsnAr grroAsp v aiArg 


Ann 


rrouiyvjJLyirpAiarnebini yrAiaAsn Asp l yr l yrrroAsp vaiAspAsp j. nrAxa 




vaivaiuiyKiexLeuLeUfii sArgAspuiy AsprxoAxaAsnAxaAspAiavaiAxaAxg 


Add 


AiaArgvjxU irpix e lxeuiyivie Xuinuiy oexAsnuxyvixy i rpuiyAxarneAspvai 




AspAsnoerArgAspvalLeuAsnnisx le JrrorneAlaAspnisuiyAiaLeuLeiiAsp 




rrorrol hrAlaAspval 1 nrAlaArguys iieoerrneLeuAJ.aoinLeuArgixxnv a± 


OUv 


uluAspnisAlalnrlletrluArgvjiyiie AiaiyrLeuAr gAxg^iu^xniJxui nrAsp 


con 


Glyber irprneblyArg irpurly l nrAsn l yxi l e I yruiy 1 nr irpoer v aiLeuuys 




AlaLeuAsnAlaAlaijiyMe trronlsAsp Asprrowiexx JLeixeAXgAiav axAsp irp 


yu \J 


T anAro-Ui cWi ofll r» A -rrr A 1- o A cr\fll vHl v TV-nfll vCl lift! vPv^Ol llRf»"rT VT*(t1 1l(rl V 

LeuAx gnl Snl SvjIIXAx gAx aAspu±yvjiy irpuiyuiuuiyuytiuiuoei j yxuxuvrxy 


580 


GlyMetHisGlyAspTyrLysGlnSerLeu ProSerGlnThrAlaTrpAlaValLeuGly 




LeuMetALaAlaGlyLeuArgAspAspPro AlaValAlaArgGlylleAlaTrpLeuGly 


620 


ArgThrGlnGlyLysAsnGLyGliiTrpLys GluGluProTyrAsnAlaValGlyPhePro 


640 


ArgValPheTyrLeuArgTyrHisGlyTyr ArgGlnPhePheProLeuLeuAlaLeuSer 


660 


ArgTyrArgAsnMetGlnlleGlyAsnThr GlyArgValGlyTyrGlyPhe 


677 



5 '— AGGAATTCGTGACCACACGGGGAATATGGA— 3 

m 7 

5 '-GCATTGGATC CGTATCAGAAGCCGTAGCCA — 3 
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SEQUENCE LISTING 
<110> Mitsukan Group Corporation 

<120> Structural gene cording for squalene-hopene cyclase in acetic acid 

bacteria, acetic acid bacteria transformed with said gene, and acetic acid 

fermentation using said transformants. 

<130> 6677 

<141> 2003-3-7 

<160> 4 

<210> 1 

<211> 2679 

<2i2> DNA 

<213> Gluconacetobacter entanii 

<400> 1 

ggatcctgtc ggtcacggtc agcgccgcca accgctacgc cacgcgagac cttgatgaac 60 
ttgcggccat catctggaac gaagtccgcg ccgcgatcga cccggccgcg acggtccccc 120 
tgccggtcgc catgccgccg ctgcgtatcg tgcgtgaaaa acgcgcgacc tttgccgcaa 180 
ccgtgcagca ggaccgcctg cggcccggca tgcggaccat ggcgcccaac ctgctgctgg 240 
ccggggactg gacggccacg ggactgcccg ccacaatcga gggcgcgatc aggtcaggcc 300 
atgccgcggc acaggctgtc catgcccgcc ggggtatgcc cggccgaccg aaatgatgat 360 
gtacggatct gcaacaggcc cccgtgacca cacggggaat atggaatgat ggcaaagaga 420 
accgagaccg cgaccgttac ccgtccccgc aggacgaccc cctccacccg caaggccgcc 480 
acgccgaagg cggcgctgga cgccccgctg gatcaggccg aactggatca ggccgtgacc 540 
cgtgcgcatg cggcactggg cgggcggcag gcggatgacg ggcactgggt ctttgatctt 600 
gaggccgatg ccaccatccc ggcggaatac gtgctgctgg aacactacct gaaccgcatt 660 
gacccggatc tggaacagcg gatcggcata tacctgcgcc gtatccaggg ggaccatggc 720 
ggctggccgc tgtatcagga cggcacgttc gacctgtcgg cttcggtcaa ggcgtatttt 780 
gccctcaagg cgattggcga cagcgtgcat gcgccgcaca tggtgcgcgc acgccatgcc 840 
atcctggact atggcggggc ggaacggacc aatgtgttca cccgcatcca gcttgccctg 900 
tttggtgatg tgccgtggga agccgccccc gtcatgccgg tcgagatcat gctgctgccg 960 
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cgcagggcgc tgttctcggt atggaacatg tcgtactggt cgcgcacggt gatcgcgcca 1020 
ctgctggtgc tggcagcact ccgtcccgcc gcggtcaatc cgcgccgggt gcatgtgcac 1080 
gaactgttcg tgacatcgcc cggaaaggta cgggactgga ttcgcgggcc ataccgctcc 1140 
gtctgggggc atgtgttccg gtatgcggat gcgatgctgc ggcccgctga acgcctgatc 1200 
cccgaaaaga cccgacgccg ggccataaag gcggcggtcg atttcattga accgcgcctg 1260 
aacgggctgg acggtctggg ggccatctat cccgccatgg ccaacacggt catgatgttc 1320 
cgcgcgctgg ggatatcgga cgaagacccg cgtgcaaagg ccgcgtggga ggcagtaagg 1380 
cgcctgctgg tcaatcaggg caaggaaacc tactgccagc cctgcgtctc tcccgtatgg 1440 
gataccggcc ttgccggtca tgccatgatt gaggccgcat ccggtcccga cggcatcgcg 1500 
ccggaggaga cgaagcagaa actggcggcc gcaggcagat ggctgcgtga acgccagatc 1560 
ctgaacgtca ggggcgactg ggccgtcaac cgccccgatg tccgccccgg cgggtgggcg 1620 
ttccagtacg ccaatgacta tta<:cccgat gtggatgata ccgccgttgt cggcatgctg 1680 
ctgcatcgcg atggcgaccc ggccaatgcg gatgcggttg cccgcgcgcg ggaatggatc 1740 
atcggcatgc agggcagcaa tggcggctgg ggcgcgttcg atgttgataa cagccgcgac 1800 
gtgctcaacc atattccctt tgccgaccat ggcgcactgc tcgacccgcc aacggcggat 1860 
gtgacggcgc gctgcatttc cttcctcgcg cagctgcgtc aggtcgagga ccatgccacg 1920 
atcgaacgcg gtatcgccta tctgcgcagg gagcaggaaa cggacggatc gtggttcggg 1980 
cgctggggca ccaactacat ctatggcacg tggtccgttc tgtgcgcgct caatgccgcc 2040 
gggatgccgc atgacgatcc catgatcatc cgcgcggtcg actggctgcg ccaccaccag 2100 
cgcgccgatg gcggctgggg tgagggctgt gaaagttatg aaggcgggat gcatggcgat 2160 
tataaacaga gcctgccatc ccagaccgca tgggccgttc tgggcctgat ggcggctggc 2220 
ctgcgtgatg atcccgccgt ggcgcgtggc attgcctggc tgggtcgcac gcaggggaaa 2280 
aatggcgaat ggaaggaaga accgtataac gccgtaggct tccccagggt gttttacctg 2340 
cggtaccatg gctaccgtca gttcttcccg ctgctggccc tgtcgcggta ccggaacatg 2400 
cagatcggca ataccggccg tgttggctac ggcttctgat acggggggaa tgcttacgat 2460 
gtccaacagt gtatctgccc ccccgttttc ccgactgggt atcgtggtgg ggatggaggc 2520 
ggagccgccc tgatccgtcc cttcctgccg acggcccgtt tcgggctgag tggggcgacc 2580 
ctgtccggtg cgcggcaggc ggtgctcgac ctgctggaaa gcggggtgga tgcgctgctg 2640 
tcctttgggc tggcggcggg gctggacccg gcgctgcag 2679 
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<210> 2 
<211> 677 
<212> PRT 

<213> Gluconacetobacter entanii 

<400> 2 

Met Met Ala Lys Arg Thr Glu Thr Ala Thr Val Thx Arg Pro Arg Arg 

5 10 15 

Thr Thr Pro Ser Thr Arg Lys Ala Ala Thr Pro Lys Ala Ala Leu Asp 

20 25 30 

Ala Pro Leu Asp Gin Ala Glu Leu Asp Gin Ala Val Thr Arg Ala His 

35 40 45 

Ala Ala Leu Gly Gly Arg Gin Ala Asp Asp Gly His Trp Val Phe Asp 

50 55 60 

Leu Glu Ala Asp Ala Thr lie Pro Ala Glu Tyr Val Leu Leu Glu His 
65 70 75 80 

Tyr Leu Asn Arg He Asp Pro Asp Leu Glu Gin Arg He Gly He Tyr 
85 90 95 

Leu Arg Arg He Gin Gly Asp His Gly Gly Trp Pro Leu Tyr Gin Asp 

100 105 110 

Gly Thr Phe Asp Leu Ser Ala Ser Val Lys Ala Tyr Phe Ala Leu Lys 

115 120 125 

Ala lie Gly Asp Ser Val His Ala Pro His Met Val Arg Ala Arg His 

130 135 140 

Ala lie Leu Asp Tyr Gly Gly Ala Glu Arg Thr Asn Val Phe Thr Arg 
145 150 155 160 

He Gin Leu Ala Leu Phe Gly Asp Val Pro Trp Glu Ala Ala Pro Val 

165 170 175 

Met Pro Val Glu He Met Leu Leu Pro Arg Arg Ala Leu Phe Ser Val 
180 185 190 
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Trp Asn Met Ser Tyr Trp Ser Arg Thr Val He Ala Pro Leu Leu Val 

195 200 205 

Leu Ala Ala Leu Arg Pro Ala Ala Val Asn Pro Arg Arg Val His Val 

210 215 220 

His Glu Leu Phe VafThr Ser Pro Gly Lys Val Arg Asp Trp He Arg 
225 230 235 240 

Gly Pro Tyr Arg Ser Val Trp Gly His Val Phe Arg Tyr Ala Asp Ala 

245 250 255 

Met Leu Arg Pro Ala Glu Arg Leu lie Pro Glu Lys Thr Arg Arg Arg 

260 265 270 

Ala He Lys Ala Ala Val Asp Phe He Glu Pro Arg Leu Asn Gly Leu 

275 280 285 

Asp Gly Leu Gly Ala He Tyr Pro Ala Met Ala Asn Thr Val Met Met 

290 295 300 

Phe Arg Ala Leu Gly He Ser Asp Glu Asp Pro Arg Ala Lys Ala Ala 
305 310 315 320 

Trp Glu Ala Val Arg Arg Leu Leu Val Asn Gin Gly Lys Glu Thr Tyr 

325 330 335 

Cys Gin Pro Cys Val Ser Pro Val Trp Asp Thr Gly Leu Ala Gly His 

340 345 350 

Ala Met lie Glu Ala Ala Ser Gly Pro Asp Gly He Ala Pro Glu Glu 

355 360 365 

Thr Lys Gin Lys Leu Ala Ala Ala Gly Arg Trp Leu Arg Glu Arg Gin 

370 375 380 

He Leu Asn Val Arg Gly Asp Trp Ala Val Asn Arg Pro Asp Val Arg 
385 390 395 400 

Pro Gly Gly Trp Ala Phe Gin Tyr Ala Asn Asp Tyr Tyr Pro Asp Val 

405 410 415 

Asp Asp Thr Ala Val Val Gly Met Leu Leu His Arg Asp Gly Asp Pro 
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420 425 430 

Ala Asn Ala Asp Ala Val Ala Arg Ala Arg Glu Trp lie lie Gly Met 

435 440 445 

Gin Gly Ser Asn Gly Gly Trp Gly Ala Phe Asp Val Asp Asn Ser Arg 

450 455 460 

Asp Val Leu Asn His He Pro Phe Ala Asp His Gly Ala Leu Leu Asp 
465 470 475 480 

Pro Pro Thr Ala Asp Val Thr Ala Arg Cys He Ser Phe Leu Ala Gin 

485 490 495 

Leu Arg Gin Val Glu Asp His Ala Thr He Glu Arg Gly lie Ala Tyr 

500 505 510 

Leu Arg Arg Glu Gin Glu Thr Asp Gly Ser Trp Phe Gly Arg Trp Giy 

515 520 525 

Thr Asn Tyr He Tyr Gly Thr Trp Ser Val Leu Cys Ala Leu Asn Ala 

530 535 540 

Ala Gly Met Pro His Asp Asp Pro Met lie He Arg Ala Val Asp Trp 
545 550 555 560 

Leu Arg His His Gin Arg Ala Asp Gly Gly Trp Gly Glu Gly Cys Glu 

565 570 575 

Ser Tyr Glu Gly Gly Met His Gly Asp Tyr Lys Gin Ser Leu Pro Ser 

580 585 590 

Gin Thr Ala Trp Ala Val Leu Gly Leu Met Ala Ala Gly Leu Arg Asp 

595 600 605 

Asp Pro Ala Val Ala Arg Gly He Ala Trp Leu Gly Arg Thr Gin Gly 

610 615 620 

Lys Asn Gly Glu Trp Lys Glu Glu Pro Tyr Asn Ala Val Gly Phe Pro 
625 630 635 640 

Arg Val Phe Tyr Leu Arg Tyr His Gly Tyr Arg Gin Phe Phe Pro Leu 
645 650 655 
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Leu Ala Leu Ser Arg Tyr Arg Asn Met Gin lie Gly Asn Thr Gly Arg 

660 665 670 

Val Gly Tyr Gly Phe 
675 677 
<210> 3 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<400> 3 

aggaattcgt gaccacacgg ggaatatgga 30 

<210> 4 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<400> 4 

gcattggatc cgtatcagaa gccgtagcca 30 
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